Abstract A retrospective study was conducted to evaluate displaced proximal humeral fractures treated with a nonplate head-preserving fixation and to detect factors predicting functional outcome. After a median follow-up period of 79.7 months, 105 patients with nine A-fractures, 36 Bfractures and 60 C-fractures (nine two-part-fractures, 41 three-part fractures and 55 four-part fractures) were assessed. Functional outcome was measured based on the Constant and UCLA scores. Of all patients, 70-75% had excellent or good Constant and UCLA scores. In 74% a good or satisfactory quality of initial reduction fracture was achieved. About one-fifth (21%) of the fractures showed a secondary displacement. Twenty-seven percent of the patients had signs of humeral head necrosis and 22% had implant related problems. There were significant correlations between a high final score and young age, low AO fracture severity, good quality of fracture reduction and residual osseous deformity, absence of secondary fracture displacement, implant-related complications, shoulder arthrosis and humeral head necrosis at the time of follow-up. In conclusion, the non-plate head-preserving fixation of proximal humeral fractures is an alternative treatment for displaced proximal humeral fractures. Especially in severely displaced C-fractures in older patients, non-anatomical reduction leads to a high rate of secondary displacement, residual osseous deformity and only a fair shoulder function. For these cases alternative methods such as prosthetic replacement should be chosen.
Introduction
Epidemiological studies have shown a dramatic increase of humeral head fractures of about 13% per year between 1970 and 2002, especially in the elderly population [1] . Complex three-and four-part fractures occur in more than 50% of patients older than 60 years [2] . Therefore, the management of these fractures is challenging in terms of the epidemiological trend of an aging population.
Common classifications are the Neer and AO classifications, which are based on displacement, number of fractured parts and vascularity of the proximal humerus [3, 4] . Decisions regarding the surgical treatment are often based on the surgeon's opinion and preference and are still a significant challenge especially for complex displaced fractures [4] .
Minimal invasive fixation techniques for the management of proximal humeral fractures have been promulgated by different authors [5] [6] [7] [8] [9] [10] . With this technique, the reduction of the fracture is established either by closed techniques or with the aid of elevators and hook retractors that are inserted via stab incisions. The fixation is mainly performed with percutaneously inserted K-wires and/or cannulated screws. Potential advantages of this technique are less soft tissue dissection, a higher union rate, and presumably a lower incidence of humeral head necrosis. Disadvantages are inferior fracture stability and therefore delay in the initiation of physiotherapy after surgery in comparison to other internal fixation methods such as plates or nails [11] . However, the minimal invasive technique is technically demanding because the reduction of the fracture is achieved by indirect manoeuvres.
The authors performed a minimally invasive non-plate head preserving technique in which a closed reduction and stabilisation by K-wires was performed for simple fractures. Complex fractures were reduced and stabilised by a short incision and K-wires, cannulated screws or tension band wiring.
However, it is not entirely clear which types of fractures or how much displacement may be suitable for this technique. The purpose of this retrospective study was to assess the clinical and radiological outcome after proximal humerus fractures treated with a non-plate head preserving technique. In addition, we postulate that certain factors may allow the prediction of the clinical and radiological end result.
Patients and methods
We included 172 adult patients with displaced notcomminuted two-part surgical neck fractures, as well as three-and four-part-fractures including fracture dislocations of the proximal humerus. These fractures were treated with a non-plate head preserving fixation from June 1996 to March 2005 at a level one trauma centre. All patients were initially diagnosed by X-ray with anteroposterior and axillary views. Details about patients age, gender, mechanism of injury (low energy trauma, e.g. fall from a standing height, or high energy trauma), fracture type according to AO classification [4] , number of fractured parts (Neer classification [3] ), initial neurological or vascular deficits, and the presence of osteoporosis on the fractured side (score of Tingart) were evaluated [12] . All postoperative complications were recorded. Routinely, clinical and radiographic examinations were performed four to six weeks and three months after surgery. After a median follow-up-period of 79 months, 67 patients (39%) had died or moved and could not be contacted via telephone or mail. With informed consent of the patients and in accordance with the local institutional review board, the remaining 105 patients were available for a clinical and radiological follow-up.
Surgical technique of the non-plate head-preserving fixation and postoperative treatment:
A closed reduction of the displaced surgical neck/anatomical neck fracture was performed to reduce the shaft-head area under image intensifier control. In all displaced surgical neck fractures percutaneous stabilisation with three K-wires was performed. In all other cases minimally-invasive reduction was established. Therefore, an incision of about 5 cm was performed starting at the anterolateral corner of the acromion. After minimal dissection of the fracture the head fragment was pushed or levered to an anatomical position. Afterwards, associated fractures of the tuberosity were reduced without any direct exposure. All patients were managed with two to three Kwires for the surgical neck/anatomical neck fracture, augmented with cannulated screws for treatment of the tuberosities and occasional tension band fixation for comminuted tuberosity fractures. All patients were immobilised for three to four weeks in a sling. Passive movements of the shoulder joint without rotation of the arm were initiated on the first postoperative day out of the sling. Active motions of the elbow and the wrist were allowed. After radiological signs of bony healing were visible, the K-wires were removed under local anaesthesia four to six weeks after injury. Physiotherapy was then continued with an active range of motion program in all planes including rotation. Strengthening exercises for the deltoid and the rotator cuff muscles were than added.
Clinical and radiological evaluation:
The global shoulder function was graded with the Constant and UCLA scoring systems by an independent examiner (see Table 1 ) [13, 14] . The muscle power was measured with a spring balance in both shoulders using the technique described by Constant. At the time of follow-up, X-rays of the shoulders were taken in anteroposterior and axillary views. The complete sets of available X-rays were used for consensus evaluation by three experienced orthopaedic surgeons. Adapted from our recently developed radiographic score for the evaluation of proximal humeral fractures [15] , we included the following parameters ( Table 2) : quality of fracture reduction, residual deformities of the head fragment and/or greater tuberosity at time of follow-up, secondary displacement of the fracture after surgery, implant-related complications, delayed healing or nonunion, post-traumatic humeral head necrosis, and posttraumatic shoulder arthrosis.
Statistical methods:
Statistical analysis was performed using JMP 7.0.2 (SAS Institute, Cary, NC, USA). The Constant score and the UCLA score were logit transformed in order to assess the Pearson correlation with age [16] . For the assessment of the association of the Constant and UCLA scores with score values we calculated Spearman's correlation coefficient. Statistical significance was adjusted according to Bonferroni-Holm for multiple testing. Therefore only pvalues less than 0.00625 were considered significant. Continuous and ordinal variables were summarised with medians and ranges. Associations between ordinal variables were calculated using the Spearman rank correlation. The nominal variables such as gender and fracture type were summarised as percentages. The results were considered to be significant at p<0.05.
Results

Patients:
We evaluated 105 patients (median age 55 years, range 18-87), of which 59 were female (56.2%) and 46 male (43.8%). Forty-one patients (39%) had suffered a lowenergy trauma and 64 patients (61%) a high-energy trauma. The median follow-up period was 79.7 months (range 20-125 months). At the time of injury, nine of the 105 patients (9%) had local nerve palsy without any vascular injuries. During the follow-up period, the nerve palsy completely resolved. According to the AO and Neer classifications, nine Afractures, 36 B-fractures and 60 C-fractures comprising nine two-part fractures, 41 three-part fractures and 55 fourpart fractures were included in the study. Eight patients had suffered a fracture dislocation. Seventy-eight patients (74%) had an accompanying osteoporosis.
After initial fracture stabilisation in a minimally invasive non-plate head-preserving technique, three revisions for haematoma of the injured shoulder (n=2) or a low-grade infection were performed.
Shoulder function scoring:
At time of the follow-up examination, the mean Constant score for the fractured shoulder was 80 points (range 14-100, median 91 points) and for the non-injured shoulder 97 points (range 54-100 points, median 100 points). Seventyfour of 105 patients (70%) had an excellent or good Constant score of the injured shoulder whereas 31 patients (30%) showed a fair or poor Constant score.
The fractured shoulder registered a mean UCLA score of 30 points (range 3-35 points, median 34 points), and the mean score for the contra-lateral shoulder was 34.7 points (range 27-35 points, median score 35 points). Seventy-nine of the patients (75%) achieved a good or excellent UCLA score, and 26 (25%) showed a fair or poor UCLA score.
Radiological assessment:
The radiological assessment showed a good or satisfactory quality of initial fracture reduction in 78 of the 105 cases (74%). In 27 of the 105 fractures (26%) with an unsatisfactory quality of initial fracture reduction there were mainly Cfractures and fracture dislocations (n=21/60, 35%) rather than A or B-fractures (n=6/45, 13.3%) (p<0.05).
Overall, 22 of the 105 fractures (21%) showed a secondary fracture displacement. Of these 22 fractures one fracture initially had a good reduction quality, and 21 fractures initially had a satisfactory or unsatisfactory reduction quality (p<0.05).
Eighty-two (78%) of the patients showed no implantrelated problems during the healing period. In 23 of the 105 fractures (22%), implant-related problems occurred, mainly in C-fractures (28%, n=17/60) and occasionally in A -or Bfractures (13.3%, n=6/45) (p<0.05). Furthermore, these implant-related problems occurred in 36% of fractures (n=18/50) that were initially not good quality reductions, whereas only 9% near anatomically reduced fractures (n=5/55) had suffered implant-related problems (p<0.05).
After completed bony healing, the radiological fracture assessment at follow-up showed a good or satisfactory quality of fracture alignment in 75 of 105 fractures. In 30 cases there was a residual deformity of the head fragment (>15°) and/or tuberosity deformity of more than 5 mm.
Altogether, 28 patients (27%) had signs of humeral head necrosis. Eleven of these 28 patients showed mild (11%) and 17 (16%) severe signs of humeral head necrosis ( Table 2 ). The presence of humeral head necrosis was significantly associated with four-part fractures and fracturedislocations (40%, n=22/55) rather than with two-part and three-part-fractures (12%, n=6/50) (p<0.05). Severity of humeral head necrosis was also associated with fracture severity according to AO classification (A-and B-fractures, 3.8%, n=5/45; C-fractures 38.3%, n=23/60) (p<0.05). Furthermore, the presence of humeral head necrosis was higher in those 50 fractures (46%, n=23) that were not good quality reductions rather than in those 55 fractures (10%, n=5) that were reduced near anatomically (p<0.05).
Seventeen of 105 patients (17%) had signs of posttraumatic omarthrosis (n=7, 7% mild; n=10, 10% severe) (see Table 3 ).
Statistical results:
There were significant correlations between the logit transformed final Constant score (−0.341) and the UCLA score of the injured shoulder (−0.348 ) and the age of the patient at time of injury (p=0.0004; p = 0.00031). There was a significant correlation between the final Constant and UCLA score of the injured shoulder and the fracture topography according to AO classification (ABC), the existence of fracture dislocation, the quality of initial reduction of the fracture, secondary fracture displacement after surgery, presence of implant-related complications, delayed or non-union of the fracture, residual bony deformity at follow-up, presence of humeral head necrosis and shoulder arthrosis. There was no significant association between the result of the Constant and UCLA scores and the parameters including gender, mechanism of injury, classification according to Neer, and osteoporosis at time of injury (see Table 2 ).
Discussion
This study assessed the clinical and radiological outcome after proximal humerus fractures that were treated with a non-plate head preserving technique. Our data showed that 70-75% of the patients had excellent or good Constant and UCLA scores whereas fair or unsatisfactory results occurred in 25-30% of the patients. We also showed that an excellent or good final outcome was associated with young age at time of injury, low fracture severity according to AO but not Neer, good quality of initial fracture reduction, no secondary fracture displacement, no implant-related complications, low residual osseous deformity and absence of humeral head necrosis, arthrosis and delayed/non-union healing.
A general consensus regarding the treatment algorithm of displaced proximal humeral fractures has not been established [17] . Whereas several studies support either conservative or surgical therapy [18] [19] [20] , it is nevertheless generally accepted that initial fracture reduction and early postoperative functional therapy are relevant factors for a satisfactory end result [21] [22] [23] .
This study showed that several factors influence the functional outcome. Whereas some factors such as fracture severity and patient situation (such as age) are pre-defined, other factors such as good initial and maintained fracture reduction, low residual osseous deformity and the absence of implant-related complications are to some extent determined by the treatment.
Our study showed that displaced proximal humeral Aand B-fractures can be treated with a minimally invasive non-plate head preserving technique, with the potential achievement of near anatomical fracture reconstruction. Good initial reconstruction (less than 15°deviation) led to significantly better clinical results, especially when the reconstruction was maintained. Whereas studies on radiographic analysis are rare, one study showed a good reduction quality even of severe (C-) fractures in 72%. However, the scoring system was liberal because a good reduction quality was defined as less than 45°angulation or 1 cm displacement [26] . In contrast, our study showed that a fracture reduction quality of less than 15°remaining angulation and less than 5-mm tuberosity displacement presaged an excellent or good functional end result.
Similar to our results, Calvo et al. also showed a significant association between any residual deformity and the functional score result at follow-up [26] . In contrast, after initial anatomical reduction, only one fracture showed a secondary displacement. Surprisingly, the rate of secondary displacement and implant-related problems in the non anatomically reduced fractures were 42% and 36%, respectively, and were associated with fair to worse functional end results.
Minimal invasive techniques are recommended because soft-tissue dissection is minimal and blood supply to the humeral head is preserved, potentially leading to lower rate of humeral head necrosis [24, 25] . In our study, we observed 16% severe humeral head necrosis with collapse of the head. Humeral head necroses were predominately detected in severe fracture types (C-fractures, four-partfractures and fracture dislocations) and were detected in those fractures in which a good reduction result was not established. In other studies, a rate of 3.2-26% after a mean follow-up 13.6-36 months is described [5, 9, 26] . Although none of these patients with a humeral head necrosis was treated with a secondary humeral head replacement, the Constant and UCLA score results were low. Therefore, the complication of humeral head necrosis seems to be influenced by fracture severity and the surgical trauma. Resch et al. pointed out that it is important to study the relationship and amount of displacement of the various fragments to each other and to identify possible intact soft tissue links between the fragments. This knowledge is important to gain benefit from the ligamentotaxis to achieve and preserve anatomical reduction after fixation and reduce the risk of humeral head necrosis in the follow-up period.
Therefore, good indications for minimally invasive and percutaneus reduction are A-and B-fractures and displaced humeral head fractures with or without impaction (C1-and C2-fractures). Humeral head fractures with severe displacement or fracture dislocations (C2-and C3-fractures) are less good indications, which can be supported by the results of our study [8] .
In conclusion, the non-plate head-preserving fixation of proximal humeral fractures is an alternative treatment for displaced proximal humeral fractures. But this technique is only suitable for younger patients with good bone stock and if a near anatomical fracture reduction was achieved prevented secondary displacement and implant-related problems and long-term complications such as humeral head necrosis (Fig. 1) . In contrast, especially for severely displaced C-fractures in older patients, non-anatomical reduction leads to a high rate of secondary displacement, residual osseous deformity and only a fair shoulder function. For these cases alternative methods such as prosthetic replacement should be chosen. Fig. 1 a-f Four-part-fracture in a 52-year-old male treated with minimally invasive reduction and K-wire and screw fixation. After 68 months he had a Constant-Murley score of 97 points and a UCLA score of 34 points
